Results:
In all subjects, increasing concentrations of APC produced ROTEM tracings consistent with traumatic coagulopathy. ROTEM EXTEM parameters differed significantly by APC concentration, with stepwise prolongation of clotting time (CT) and clot formation time (CFT), decreased alpha angle (α), and reduced maximum clot firmness (MCF). Significant prolongation of PT and PTT and decreased activity o f factors V and VIII were observed at higher APC concentrations. Linear regression demonstrated that for every 100 ng/mL increase in APC concentration, CT prolonged by 32.9 seconds, CFT prolonged by 22.2 seconds, α decreased by 1.7 degrees, and MCF decreased by 0.8 mm (all p<0.001; see Figure) ; PTT was prolonged by 2.1 seconds, factor V activity decreased by 1%, and factor VIII activity decreased by 2.7% (all p<0.01).
Conclusion:
In this study, we reproduced a phenotype of acute traumatic coagulopathy in healthy blood by the in vitro addition of APC alone, as evidenced by viscoelastic measures and confirmed by conventional coagulation assays and factor activity. This lends further mechanistic insight to the etiology of coagulation abnormalities in trauma, supporting the central role of the protein C pathway. Our findings also represent a novel model for future investigations in the diagnosis and treatment of traumatic coagulopathy.
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Introduction:
Trauma and hemorrhage results in tissue injury and inflammation that contributes to morbidity and mortality. Organ injury from trauma and hemorrhage occurs in part from the development of cellular shock and oxidative injury. Endogenous adaptive responses to tissue hypoxia are helping to guide the development of resuscitative adjuncts to limit tissue injury, including investigations into nitrite/nitrite reductase/nitric oxide signaling pathway. The purpose of these investigations was to test the hypothesis that inhaled, nebulized sodium nitrite protects against the development of shock and tissue injury in models of trauma and hemorrhagic shock.
Methods:
Male C57BL/6 mice were randomized to sham surgery or soft tissue injury+hemorrhage to 25mmg Hg for 2 hours followed by resuscitation with lactated ringers (2X volume of shed blood). In each group, some mice were further treated with inhaled nebulized sodium nitrite (NaNO 2 ; 30 mg in 5ml into environment over 20 minutes) or vehicle at the time of resuscitation. Mice were sacrificed 4 hours after resuscitation. Yorkshire Durock pigs (30-35kg) underwent vascular cannulation and were randomized to anesthesia only or hemorrhage to 30mmHg and bled to maintain a pressure between 30-40 for 90 minutes. Shocked pigs were randomized to receive vehicle or inhaled nebulized NaNO 2 11mg in 2.5 mL PBS. Pigs were sacrificed 4 hours after resuscitation. Hemodynamics, blood, and microdialysis specimens were collected throughout.
Results:
In a murine model, trauma/hemorrhage resulted in organ injury and inflammation as demonstrated by increased serum ALT, Cystatin C and IL-6. Nebulized nitrite limited these responses (P<0.05). Additionally, nitrite limited oxidant injury as determined by lipid peroxidation. In a porcine model of hemorrhagic shock, nebulized nitrite was associated with significant decreases in blood, muscle, and peritoneal fluid lactate concentrations (P <0.05), and significant decreases in glycerol release into peritoneal fluid ( P <0.05). Additionally hemorrhage resulted in mitochondrial injury as determined by decreased respiratory control ratio in both muscle and platelets. Nitrite prevented this injury. Furthermore, hemorrhage induced platelet activation was limited by nitrite.
Conclusion:
Resuscitation adjuncts to limit the development of shock, oxidant stress, and thus tissue injury hold the promise of improving outcomes. Nebulized NaNO2 was a protective resuscitative adjunct in both murine and porcine models of hemorrhagic shock and resuscitation, and may prove useful in human trauma and hemorrhage, however further investigations are warranted. 
TWO YEAR CESSATION OF RESIDENT TEAMWORK TRAINING IMPACTS TRAUMA RESUSCITATION PERFORMANCE AND EFFICIENCY

Conclusion:
A 2 year cessation of resident teamwork training is associated with deterioration of trauma team performance scores, increased times to critical radiologic trauma exams (FAST and CT), and overall prolonged ED dwell times placing trauma patient outcomes at risk. Sensitivity was demonstrated to be 100 vs. 50% for DPL vs. CT, respectively. Specificity was 100% for both groups. Notably, CT missed 1 colon, 2 splenic, 3 hepatic, and 7 diaphragmatic injuries. Four of the diaphragmatic injuries were found on the left anterior and lateral aspects Conclusion: DPL was found to be superior to CT both for detection of intra-abdominal organ injury and for prediction of therapeutic exploratory laparotomy. CT missed all diaphragmatic injuries as well as 6 other intra-abdominal injuries. We conclude that CT, despite improvements in technology, remains a poor test for evaluating the diaphragm after penetrating TA trauma. When attempting to rule out potentially operative injuries to the diaphragm, DPL continues to be a useful test that should remain in the arsenal of every trauma surgeon. Introduction: Many rural trauma centers receive patients that are first evaluated at local hospitals (LH). LH transferring patients to regional trauma centers (TC) often obtain computed tomography (CT) scans to diagnose injuries and justify transfer. Many studies have shown that these studies are often repeated for a variety of reasons, including inadequate technique of acquisition of images and software incompatibilities. Repeating these studies adds a tremendous cost and radiation exposure to trauma patients. This study was performed to determine how the implementation of image-sharing systems impacted the rate of repeat CT scans during interfacility transfers at a rural Level I trauma center.
OPERATIVE VERSUS NON-OPERATIVE MANAGEMENT OF MULTIPLE RIB FRACTURES
THE IMPACT OF IMAGE-SHARING ON THE EVALUATION OF TRAUMA TRANSFER PATIENTS IN A RURAL TRAUMA SYSTEM
Methods: All trauma alert patients age greater than 15 years, transferred with prior CT imaging to a rural Level I trauma center from January 1, 2009 until December 31, 2012 were retrospectively reviewed. Data abstracted included CT scans performed at LH and CT scans repeated at the TC. The data was further divided into three time periods: pre-image sharing implementation (2009), peri-implementation (2010-2011), and post-implementation (2012). We compared the incidence of repeat CT scans with the implementation of image sharing system during these periods by using Cochran-Armitage trend test. We used Head CT (HCT) as a model study tool to review the impact of imaging on the cost and radiation exposure.
Results: During the study period, 1259 patients were transferred to the Level I TC. Of the total study population, 1003 (79.6%) patients underwent CT imaging prior to transfer. During this 4-year period, 554 (55.2%) patients underwent repeat CT imaging. When compared to the pre-implementation period, where 126/180 (70%) patients with prior imaging had CT scans repeated and 209/439 (47.6%) pre-transfer CT scans were repeated, in the post-implementation period, the number of patients with prior imaging who had repeat CT scans was decreased to 131/294 (44.6%) and only 201/751 (26.8%) pre-transfer CT scans were repeated which has p value of <.001. This saved $784,531.00 in 2012, as compared to $335,397.00 in 2009. Focusing on HCT, in the pre-implementation period, 142 out of 180 patients with pre-transfer imaging had HCT available, out of which 82/142 (57.7%) patients had HCT repeated, 60/142 (42.2%) had no repeat HCT; saving $70,020.00 and preventing patients from further radiation exposure with the saving of total 4,392 mGy of radiation dose. In the post-implementation period, 228 out of 294 patients with prior imaging on transfer had HCT performed, out of which only 69/228 (30.3%) patients had HCT repeated while 159/228 (69.7%) did not have HCT repeated. This saved $185,553.00, prevented 69.7% of the patients from repeat radiation exposure and saved total 11,639 mGy of radiation dose consumption which signifies p value of <0.001.
Conclusion:
Seventy-nine percent of interfacility transfer patients underwent CT scans prior to transfer. Since the implementation of imaging-sharing systems, the number of repeat CT scans has significantly decreased. This has resulted in increased cost saving and decreased radiation exposure to the patient. Image-sharing is an innovative practice of quality improvement and a safety measure in the rural trauma system. Existing programs for each military branch at various Level I academic trauma centers deliver pre-deployment training and provide a robust trauma experience for deploying surgeons. Outside of these successful programs there is no system-wide mechanism for non-deploying military surgeons to care for a high volume of critically ill trauma patients on a regular basis in an educational environment that promotes continued professional development.
LEVEL I ACADEMIC TRAUMA CENTER INTEGRATION AS A MODEL FOR SUSTAINING COMBAT SURGICAL SKILLS: THE RIGHT SURGEON IN THE RIGHT PLACE FOR THE RIGHT TIME
Methods:
We describe our military/university relationship for integrating military surgeons into a civilian trauma practice. We characterized the Level I practice using the number of trauma resuscitations, operative trauma/acute care surgery procedures, number of work shifts, operative density (defined as the ratio of operative procedures/days worked) and frequency of educational conferences. The same parameters were collected from two NATO Role III hospitals in Afghanistan during the peak of Operation Enduring Freedom (OEF Results: 2,868 patients received surveillance LEDU. TESS was calculated for 2,140 patients; 215 developed VTE, 110 (51%) of whom had TESS<7. The sensitivity and specificity at a cut point of 7 were 49% and 72%, respectively. RAP was calculated for 1,505 patients; 152 developed VTE, 26 (17%) of whom had RAP<5. The sensitivity and specificity at a cut point of 5 were 83% and 37%, respectively. The receiver operating characteristic curves for the models were similar (Fig.) .
Conclusion:
A clinically significant number of patients who developed VTE were classified as low-risk by both TESS and RAP. The indications for VTE surveillance and chemoprophylaxis should not be based exclusively on these scores. These results suggest that additional variables should be sought to improve risk assessment for VTE following trauma. 
IMPACT OF SOCIO-ECONOMIC STATUS ON HOSPITAL LENGTH OF STAY FOLLOWING INJURY: A MULTICENTER COHORT STUDY
Methods:
We conducted a multicenter cohort study involving the 56 adult trauma centers in a Canadian provincial trauma system using trauma registry and hospital discharge data collected between 2005 and 2012. SES was determined using ecological indices of material and social deprivation. Geometric Mean Ratios (GMR) and 95% confidence intervals (CI) adjusted for age, gender, comorbidities, injury severity, body region of the most severe injury, and the number of admissions in the 12 months prior to injury were generated using multivariate linear regression with a correction for hospital clusters. Analyses were stratified for age, discharge destination, and payor status.
Results:
The cohort consisted of 52,122 patients with a mean LOS of 13.4 days. Patients in the highest quintile of material deprivation had a mean length of stay 4% higher than those in the lower quintile (95% CI 2%-6%). Patients in the highest quintile of social deprivation had a mean length of stay 5% higher than those in the lower quintile (95% CI 3%-7%). Patients in the highest quintile of both social and material deprivation had a mean length of stay 12% higher than those in the lowest quintile for both measures of SES (95% CI 7%-18%).
Conclusion:
Patients admitted for traumatic injury who suffer from high social and material deprivation have a longer acute care LOS in a universal-access health care system. This research suggests that interventions to facilitate access to post-discharge care for these patients may improve the efficiency of acute trauma care.
REPAIR VERSUS LIGATION OF MAJOR VENOUS INJURY AFTER PENETRATING TRAUMA: IS THERE A DIFFERENCE IN DEVELOPMENT OF PULMONARY EMBOLISM?
Casey In those that developed a PE, all were receiving standard DVT chemoprophylaxis. 5 patients (3 ligation, 2 repair) received antiplatet therapy in addition to standard chemoprophylaxis, and none of these patients developed a DVT, PE, nor died. 7 patients received IVC filters (4 after confirmed PE, 3 after confirmed DVT (2 ligation, 1 repair)).
Conclusions:
Following penetrating trama, ligation of MVI does not prevent the development of PE. In fact, this population is at a heightened risk of PE. The repair of deep extremity veins has not been associated with PE. Patients that received antiplatelet therapy in addition to standard chemoprophylaxis did not develop a DVT nor PE. 
ULTRASOUND VS. PALPATION GUIDED RADIAL ARTERY CATHETERIZATION: A RANDOMIZED CONTROLLED TRIAL
Introduction:
Catheterization of the radial artery (CRA) is commonly done via a "blind" method with palpation of the arterial pulse guiding puncture. We hypothesized that ultrasound guidance would increase success in CRA and decrease time to CRA.
Methods:
We conducted a prospective randomized trial of ultrasound guided CRA in the Surgical and Medical Intensive Care units of a tertiary care academic medical center. Patients requiring CRA were randomly assigned to the palpation-guided (PP) or the ultrasound-guided (US) method. Each attempt was defined as time from skin puncture to appearance of an arterial waveform or withdrawal from the skin. After three failed attempts the operator would switch to the alternate method for three attempts. After six failed attempts the procedure was either aborted or attempted by a more experienced operator. Data collected included radial pulse quality, blood pressure, body mass index (BMI), need for vasopressors, and anticoagulant use. Analysis was by Chi-square, Fisher's exact test and Wilcoxon signed rank test with p<0.05 significance.
Results:
Forty six patients were enrolled; 2 randomized to PP withdrew after randomizing. Of the remaining 44, 26 were randomized to US and 18 to PP. There were no differences between groups in BMI, use of vasopressors, anticoagulation, limb edema or pulse quality (all p>0.05). Pulse was weak or absent in 69.2% of US patients and 61.1% of PP patients. The average time for US CRA was 666s and 591s for PP. 38.4% in the US group were successful on the first attempt and 22.2% in the PP group (p=0.256). In the PP group 50% achieved CRA in 3 attempts compared to 80.8% in the US group (p=0.013). There were an average of 2.04 attempts in the US group compared to 2.39 in the PP group (p=0.141). Of those that failed PP and crossed over to US, 66.6% were successful compared with 0% of US crossing over to PP (p=0.070). All rescue CRAs were by US; 71.4% were successful. Overall ultrasound was attempted in 35 patients (32 successful, 94.4%) and palpation was attempted in 23 (9 successful, 39.1%). The overall probability of success with ultrasound was therefore 7.10 (95% CI 2.29 -22.00, p<0.001) times that of palpation alone.
Conclusions:
With a limited number of attempts US is more likely to result in successful CRA and is also more likely to result in ultimate success. Trends toward longer operating time and higher rescue rates were observed with US suggesting a group of patients where only US will result in successful catheterization. 
A PROSPECTIVE EVALUATION OF SURGICAL RESIDENT INTERPRETATION OF CT SCANS FOR TRAUMA
Introduction:
In trauma centers across the United States, surgery residents are utilized to initiate trauma care. These residents are often relied upon to read imaging studies which direct patient care. In many cases, hospitals pay a substantial amount to outside teleradiology firms to evaluate imaging that arrives after the radiology attending is no longer in-house. The objective of this study was to compare the interpretations made by senior surgical residents to those provided by an outside teleradiology firm.
Methods: All trauma patients arriving at an American College of Surgeons verified Level 1 trauma center between 2200 and 0600 hours requiring a CT scan for evaluation of possible injury between December 2012 and December 2013 were included. Once the patient had been scanned, a trauma imaging assessment form was filled out by the senior surgical resident providing their interpretation of the CT study. At a later date, the interpretation of the outside radiologist was recorded and compared to the resident's interpretation.
Results: A total of 135 patients underwent CT evaluation during the study period. The CT interpretation of the senior surgical resident was compared to the outside radiologist. The outside radiologist and senior surgical resident rarely disagreed on the interpretation of a CT. When compared to an outside radiologist, residents were primarily in agreement with CT of the head (96.4%; ĸ=.927, p<.001), cervical spine (90.9%; ĸ=.773, p<.001), thoracic and lumbar spine (50.0%; ĸ=.475, p<.001), abdomen and pelvis (84.2%; ĸ=.745, p<.001), and chest (77.3%; ĸ=.737, p<.001). Overall, there were discrepancies in image interpretation between the resident and outside radiologist in 34 patients (25.2%). Of those 34 patients, residents missed 7 (5.2%) injuries that were clinically significant and resulted in a change of management. These missed injuries included T3 compression fracture (n=1), T6 spinous process fracture (n=1), L2 and L3 transverse process fractures (n=2), pelvic fracture (n=1), renal contusion (n=1), and a subarachnoid hemorrhage (n=1).
Conclusion:
Senior surgical residents have a high rate of accuracy in reading CT imaging. Although no life-threatening injuries were missed, resident education in reading radiographic imaging in spinal regions needs to be emphasized. 
Introduction:
The purpose of this study was to identify patient and system-based risk factors associated with 30 day readmission at an urban level one trauma center.
Methods:
A retrospective review of all adult trauma registry patients readmitted to the hospital within 30 days of discharge between 10/2011-9/2013 was performed. Patient demographics, injury data, length of stay, discharge medications, and reason for readmission were abstracted from the medical record. Descriptive statistics were calculated where appropriate using SPSS software.
Results: 5063 patients were admitted during the study period, of those 238 (4.7%) patients were readmitted within 30 days. 107 were excluded from analysis as the admissions were planned orthopedic procedures leaving 131 eligible for analysis. 51.9% of patients where male, with a mean age of 68, median ISS of 9, and mean length to readmission of 12 days. 63.3% of patients had multiple medical comorbidities (DM,HTN, CRI, or CHF), 20.6% had dementia, and 27.5% had an axis I mental illness excluding dementia. The most common mechanism of injury was falls (74%), followed by motor vehicle crashes (16%) and penetrating injury (4%). The most common reason for readmission was wound issues, followed by cardiac and pulmonary complications (table 1).
Table1. Readmission Data by System
Wound Cardiac Bleeding Pulmonary Pain GI VTE Stroke Other patients (%) 30 (23) 21 (16) 17 (13) 11 (8) 9 (7) 7 (5) 7 (5) 3 (1) 26 ( 16/26 (62) 9 patients were readmitted with a new fall. The mean time to readmission was 12 days. In 102/131 patients, the trauma service was not notified of readmission. Following readmission, fewer patients were discharged home and more required home health resources (Table 2) Conclusions: In contrast to the trauma population as a whole, patients readmitted within 30 days at our institution were elderly men or women with multiple comorbidities who sustained falls prior to admission. The trauma team is infrequently notified of these readmissions. Improved pain control prior to discharge, patient education of pain expectations, and earlier wound surveillance regardless of discharge location may help reduce these readmissions. Many readmissions occur at least 14 days following discharge. These are likely related to elderly patient comorbidities and may represent alterations in patient physiology following trauma. Commonly, medication changes are made at the time of initial discharge and could be a cause of readmission. Closer follow up with a primary care provider after discharge may be helpful in this population. METHODS: 317 measurements of fibrinogen (FI), fibrin split product (FSP), and fibrin monomer (FM) were made in 268 pts following resuscitation for HS in the OR 3.9 hrs after injury (32 pts), postoperatively at 20 hrs (153 pts), at 35 hrs (94 pts), at 52 hrs (64 pts), at 71 hrs (53 pts), and 19 days (8 pts). During OR they received 14.3 RBC units, 851 ml FFP, and 11.5 L balanced electrolyte solution (BES).
FIBRINOLYSIS DOES NOT OCCUR FOLLOWING RESUSCITATION IN SEVERE HEMORRHAGIC SHOCK REQUIRING IMMEDIATE OPERATION
RESULTS:
OR FI levels were low, rose to low normal levels by 20 hrs and high normal by 35 hrs, and increased to supernormal levels by 52 hrs, 71 hrs, and day 19. FSP and FM were absent during operation and did not appear until FI levels were within the normal range or greater than normal (Table) . 
Introduction:
We set out to determine factors that improve response to inpatient rehabilitation among patients with moderate to severe traumatic brain injury (TBI).
Methods:
A retrospective cohort study of moderate to severe TBI patients who were admitted to the inpatient rehabilitation service at an academic, level I trauma center between 2002 and 2012. Each patient was assigned a level, 1-7, which was determined by equally spaced intervals of functional independence measure (FIM) scores. A patient with improvement by 2 levels was considered a responder. A forward logistic regression was utilized to identify factors associated with response to inpatient rehabilitation.
Results:
Over the 10-year study period, a total of 2,211 patients were treated at our facility for TBI, of which 192 (9%) were admitted to inpatient rehabilitation. Of those, a total of 102 (55.7%) were considered responders, with the largest proportion improving in mobility (73.2%), followed by self-care (60.7%), sphincter control (42.1%), and communication/social cognition (21.3%). Patients that responded to rehab were significantly younger (52.3 years vs. 61.6, p<.0001) and had on average longer rehab stays (15.3 days vs. 12.3, p<.0001) than their non-responding counterparts Once we adjusted for injury severity score (ISS), hospital length of stay (LOS), and ICU LOS, being younger than age 65 (<65, HR=0.24, p<.0003), having a higher head abbreviated injury scale (5 vs. 4, HR=3.06, p<0.02), and having a longer rehabilitation LOS (>14 days, HR=3.86, p<.001) were all associated with increased response to inpatient rehabilitation. Overall injury severity, as measured by the ISS, had no association with determining responders to inpatient rehabilitation (HR=1.00, p=0.32).
Conclusion:
Of patients who qualify for inpatient rehabilitation, only one out of two responds to treatment. Mobility and self-care are the major components of overall improvement in functional independence. Younger age and longer rehabilitation times are associated with response to rehabilitation. Further efforts should be placed on identifying and facilitating transfer of traumatic brain injury patients to inpatient rehabilitation.
BLUNT DUODENAL TRAUMA, IS NON-OPERATIVE MANAGEMENT SAFE?
Matthew Introduction: Clear signs of duodenal injury (DI), pneumoperitoneum and/or oral contrast extravasation mandate laparotomy. However, appropriate management when CT has indirect evidence of DI (duodenal hematoma or periduodenal fluid) is unclear. We evaluated the ability of indirect signs to identify DI and evaluated success of expected management, hypothesizing patients with indirect evidence of DI on CT can be safely managed non-operatively.
Methods:
We retrospectively reviewed all patients with a diagnosis of blunt DI and CT scan with duodenal hematoma or periduodenal fluid collection treated between January 2003 and January 2013. Children (age <18 years) and penetrating trauma were excluded. Laboratory values, operative findings, Injury Severity Score (ISS) and Abbreviated Injury Score (AIS) were recorded. Patients having immediate laparotomy were compared to those initially managed conservatively. Student t-tests were used to compare groups.
Results:
We identified 84 patients. Nine had findings diagnostic for DI and were excluded from further analysis. 36 patients with indirect signs (48%) underwent immediate operative exploration and 39 (52%) were initially managed non-operatively. There was no difference in admission laboratory values, but mean (±SD) ISS (35±12 vs 26±12, p<0.001) and abdominal AIS (3.3±1 vs 2.5±0.8, p<0.001) were higher in those with immediate operation. The incidence of DI requiring operative repair was 12% (9 of 75). Seven of 36 (19%) explored urgently had a DI requiring surgical repair while 29 of 36 (81%) had no DI or minor injury not requiring surgical therapy. Of those managed non-operatively, 7 of 39 (18%) failed observation but only two (5%) of those required duodenal repair. Both had worsening findings on interval CT scan. There was no significant difference in ICU (8.6±11 vs 10.4±14, p=0.38) and hospital (20.7±15 vs 22.9±21, p=0.49) lengths of stay between those that failed non-operative management and those operated on immediately. None of the patients that failed conservative management died.
Conclusion:
Observation of patients with indirect sign of DI fails in about 20% of patients, but failure rate due to DI is low. Conservative management in the appropriately selected patient is reasonable and follow-up CT scan may help. Higher ISS may suggest the need for urgent operation.
